Objectives: Osteoarthritis of the knee is a common chronic disease among older adults. Therapeutic approaches mainly consist of physiotherapy or pharmacological therapy, but these approaches are limited over time by their cost and/or side effects. This paper presents a systematic review and meta-analysis of the effectiveness of medical leech therapy for osteoarthritis of the knee.
O steoarthritis (OA) of the knee is a common chronic disease among older adults. In people aged over 55 years, about a quarter report a significant episode of knee pain in the last year and half experience mild to moderate disability. 1 OA results from the destruction of articular cartilage, with underlying bone changes at the joint margins. 2 The resulting pain and stiffness impair function in patients' basic activities of daily living, in turn, severely affecting their quality of life. 3 Therapeutic approaches to treating OA, besides joint replacement, rely mainly on physiotherapy and/or pharmacological therapy 4 ; however, cost and the side effects of antiphlogistics over the long term makes their use limited.
In light of the above, interest has revived in the use of a traditional complementary treatment, namely leech therapy. Leeches (Hirudo medicinalis) have been used therapeutically for many years, 5 but their use has declined as surgery and pharmacotherapy have advanced. In developed countries, leech therapy has mainly been used for treating phlebitis and thrombosis in recent years, as the hirudin in leech saliva has anticoagulant properties. 6 Leech saliva also contains anti-inflammatory and anesthetic substances, 7 although the latter are yet to be identified. In the last decade, clinical trials have evaluated the value of leech therapy in such conditions as OA of the knee [8] [9] [10] [11] [12] and lateral epicondylitis. 13 If proven effective, leech therapy might provide a useful alternative approach for patients with OA whose pain excludes them from physical exercise, as well as those who decline to undergo joint replacement. Leech therapy is less invasive than surgery and has the additional advantage of being low cost.
A thorough literature search found no meta-analyses of leech therapy for OA of the knee. The current review sought to remedy this omission, assessing the literature systematically to produce such a meta-analysis. Randomized controlled trials (RCTs) and controlled clinical trials (CCTs), which compared leech therapy to other control conditions were included.
MATERIALS AND METHODS

Protocol and Registration
This review was planned and conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines 14 and the recommendations of the Cochrane Back Review Group. 15, 16 The protocol is not registered on any database.
Eligibility Criteria
To be eligible for review, studies were required to meet the following conditions:
(1) Types of study designs: RCTs and nonrandomized CCTs were eligible. (2) Types of participants: Studies of adults (18 y and older) with OA of the knee were eligible, regardless of the condition's duration or intensity, as long as patients' diagnoses were radiologically confirmed. No further restrictions were applied. 
Literature Search
The following electronic databases were searched from their inception through to July 31, 2012: PubMed/MED-LINE, EMBASE, Scopus, the Cochrane Library, and CAMBASE. The literature search, which was constructed around search terms for "leech" and "osteoarthritis," was adapted for each database as necessary. For example, the following search strategy was used on the 
Study Selection
All duplicate papers were first removed. Two reviewers then screened the abstracts of remaining papers independently. They went on to obtain the full papers for all potentially eligible studies. These papers were then checked for eligibility, with eligible papers being included in the systematic review. Papers that provided data on relevant clinical outcomes were also included in the meta-analysis.
Data Collection
Two reviewers independently extracted data on studies' characteristics (participants, interventions, control conditions, cointerventions, outcome measures, and results). Disagreements were submitted to a third reviewer and resolved by discussion. Where data could not be extracted from the original published papers, their authors were contacted. This step was undertaken as data on leech therapy are sparse and thus valuable in judging the treatment's effectiveness. Additional caution was thought advisable as leech therapy is seen by some as controversial.
Outcomes
Eligible treatment outcomes were defined as follows: 
Risk of Bias in Individual Studies
The risk of bias was assessed, at study level, by 2 independent reviewers using the 2009 Updated Method Guidelines for Systematic Reviews in the Cochrane Back Review Group. 16 These guidelines recommend the imposition of 12 quality criteria, each of which is rated as "YES," "NO," or "UNCLEAR." These criteria relate to the following risk of bias domains: selection bias, performance bias, attrition bias, reporting bias, and detection bias. If study data were considered inconclusive, then the original study authors were contacted for further details. Studies that scored positively on at least 6 of the 12 criteria, and had no serious flaws, were rated as having low risk of bias. Studies that met fewer than 6 criteria and/or showed a serious flaw were rated as having a high risk of bias. 16 This classification, as a low-risk or high-risk study, served as the basis for the sensitivity analyses conducted.
Data Analysis
Studies were analyzed separately for their immediate, short-term, and long-term effects. Immediate outcomes were defined as those from measures applied up to 7 days posttreatment, short-term outcomes came from measures applied closest to 28 days posttreatment, and long-term outcomes from measures applied closest to 6 months postrandomization. 16 
Assessment of Overall Effect Size
If at least 2 studies presented data on a specific outcome, then meta-analyses were undertaken using Review Manager 5 software (Version 5.1, The Nordic Cochrane Centre, Copenhagen). Where studies had >1 control group, the control groups for the assessment of the study's overall effect were selected in the following order of preference: no treatment, placebo, and active comparator.
One study had 2 active treatment groups. 11 Although the randomization procedure used to divide the study population into treatment and control was adequate in this study, the treatment groups were further split into 2 according to participants' symptom severity. As this rendered the treatment and control groups incomparable, data from the 2 treatment groups were condensed. In order to merge the data, the reviewers contacted the trial authors for access to the original data.
Standardized mean differences (SMD) with 95% confidence intervals (CI) were calculated as the mean group difference divided by the pooled SD. 17 Where no SDs were available, SEs, CIs, or t values were used to calculate them. A random effect model was applied. The magnitude of the overall effect size was judged according to Cohen categories: small effect size: SMD = 0.2 to 0.5; moderate effect size: SMD = 0.5 to 0.8; and large effect size: SMD > 0.8. 18 A negative SMD was defined to indicate the beneficial effects of leech therapy, as compared with the control interventions, for pain and functional impairment. For quality of life, a positive SMD corresponded to enhanced well-being. If necessary, patients' scores were inverted and the mean score was subtracted from the instruments' maximum score. 15, 19 Levels of evidence were judged according to the recommendations of the Cochrane Back Review Group as follows: (1) strong evidence: consistent findings among multiple RCTs with a low risk of bias; (2) moderate evidence: consistent findings among multiple high-risk RCTs or CCTs and/or 1 low-risk RCT; (3) limited evidence: 1 RCT with a high risk of bias; (4) conflicting evidence: inconsistent findings among multiple RCTs and CCTs; (5) no evidence: no RCTs. 20, 21 
Assessment of Heterogeneity
Statistical heterogeneity between the reviewed studies was quantified by determination of I 2 . I 2 > 30%, I 2 > 50%, and I 2 > 75% were defined to indicate moderate, substantial, and considerable heterogeneity, respectively. 15 A P value r0.10 from the w 2 test was taken to indicate significant heterogeneity. 15 
Subgroup and Sensitivity Analyses
Where at least 2 studies existed in each subgroup, subgroup analyses were conducted for the type of control treatment delivered (ie, no treatment, usual care, placebo, or any active treatment). Sensitivity analyses to test the robustness of any significant results were conducted by removing studies based on the following methodological quality criteria: absence or inadequate randomization and/ or quality score <6. 17 In this meta-analysis, the following studies were removed in the sensitivity analysis: 1 CCT. 9 If statistical heterogeneity was present in the respective metaanalysis, the subgroup and sensitivity analyses were also used to explore the nature of this heterogeneity.
Risk of Bias Across Studies
If at least 10 studies were included in a meta-analysis, the risk of publication bias was assessed by visual analysis of funnel plots generated by Review Manager 5.1 software. Roughly symmetrical funnel plots indicate a low risk of publication bias, whereas asymmetrical funnel plots indicate a high risk of such bias. 22 
RESULTS
Study Selection
The literature search retrieved 121 records, of which 55 were duplicates ( Fig. 1 ). Of the remainder, 62 records either referred to studies with no controls (N = 60) or did not investigate OA of the knee (N = 2). The remaining 4 fulltext articles were assessed for eligibility [9] [10] [11] [12] (Fig. 1 ). One was a nonrandomized clinical trial 9 and the other 3 were RCTs. [10] [11] [12] Of the latter, 1 study used a cross-over design.
For this trial, only the first phase of this study was included. 12 In another study, the intervention group was divided into 2, with a single or double treatment application. In this study, both groups were condensed into 1 treatment group (see the Methods section). 11 One CCT and 3 RCTs, with a total of 237 patients, were included in the qualitative and quantitative analyses. [9] [10] [11] [12] Study Characteristics
The characteristics of the study samples, interventions, outcome measures, and results are shown in Table 1 .
Setting and Participant Characteristics
All trials originated from Germany. [9] [10] [11] [12] Patients were either inpatients in an integrative clinic, 10 outpatients, 12 or community-dwelling adults recruited through newspaper advertisements. 9, 11 Two studies included people with mild to moderate OA 10,12 and 1 study patients with moderate to severe OA. 11 One study included patients who were primarily treated for back pain, but had concomitant OA. 9 Two of the studies explicitly excluded patients who previously had surgery for their OA 10,11 and all did so for patients with rheumatic diseases. [9] [10] [11] [12] On average, patients were in their mid 60s and most were female (56%; range, 28% to 82%). No data on ethnicity were available.
Intervention Characteristics
Leech therapy was administered once in 3 studies 9,10,12 and once or twice in 1 study. 11 The data from the latter 2 intervention groups were condensed, as noted previously.
In the single study that used a cross-over design, 12 only the data gathered before the therapy was changed over were entered into the meta-analysis.
The studies' control interventions differed widely. In 1 study, control patients received a 14-day course of integrative inpatient treatment, as did the intervention group. 9 In another study, leech therapy was compared with 28 days application of diclofenac gel. 10 A sham procedure was used as a control by Andereya et al 11 and transcutaneous electrical nerve stimulation by Stange et al. 12 Patients received cointerventions in all 4 studies 9-12 ; however, according to the original papers' authors, these interventions did not differ between the study groups.
Outcome Measures
Pain was assessed as an outcome measure in all 4 studies, with 3 measuring pain intensity on a visual analogue scale 9,11,12 and 1 using the WOMAC pain scale. 10 Three studies also measured functional impairment, with 2 using the WOMAC function scale 10, 11 and the other the Lequesne Index. 12 Joint stiffness was measured in 2 studies using the WOMAC stiffness scale 10, 11 and quality of life in 1 study. 10 Data on patient safety were reported in all 4 studies. 9-12 Immediate (7 d) and short-term (28 d) effects were evaluated in all studies, but long-term effects (6 mo) were only reported in 2 studies. 10, 11 
Risk of Bias in Individual Studies
Three studies had a low risk of bias. [10] [11] [12] One study, although reaching a quality score of 6 points, was seriously flawed by its lack of randomization, and was thus considered at high risk 9 ( Table 2 ). Studies' risk of selection bias was mainly low, with only 1 having a high risk 9 and 3 a low risk. [10] [11] [12] The risk of performance bias was generally high, mostly due to a lack of blinding for the patients and care providers participating. One study 11 tried to blind patients by using a placebo leech, but this process proved unsuccessful. The studies' risk of attrition bias was mixed, with only 1 study including an intention-to-treat analysis. 10 The risk of reporting bias was low, but the risk of detection bias was high, as no study reported adequate blinding of the outcome assessors.
Analyses of Overall Effects
Pain: Meta-analyses revealed strong evidence for leech therapy's immediate (SMD = À1.05; 95% CI, À1.76 to À 0.34; P < 0.01; heterogeneity: I 2 = 80%; w 2 = 14.87; P < 0.01) and short-term effects (SMD = À1.00; 95%, CI À1.72 to À 0.28; P < 0.01; heterogeneity: I 2 = 80%; w 2 = 14.88; P < 0.01) on patients' pain, and moderate evidence for its long-term effects (SMD = À 0.45; 95% CI, À0.78 to À0.13; P < 0.01; heterogeneity: I 2 = 0%; w 2 = 0.51; P = 0.48), compared with controls (Table 3) .
Functional impairment: Meta-analyses revealed strong evidence for the immediate effect of leech therapy on functional impairment (SMD = À 0.72; 95% CI, À1.25 to À0.19; P < 0.01; heterogeneity: I 2 = 69%; w 2 = 6.4; P = 0.04) and moderate evidence for its short-term effects (SMD = À0.46; 95% CI, À0.73 to À 0.18; P < 0.01; heterogeneity: I 2 = 0%; w 2 = 1.93; P = 0.38). No evidence was found for its long-term effects (SMD = À0.39; 95% CI, À0.82 to À 0.03; P = 0.07; heterogeneity: I 2 = 37%; w 2 = 1.58; P = 0.21) compared with controls ( Table 3) . Joint stiffness: There was strong evidence for the immediate (SMD = À0.88; 95% CI, À 1.972 to À0.04; P = 0.04; heterogeneity: I 2 = 81%; w 2 = 5.31; P = 0.02) and long-term effects (SMD = À0.62; 95% CI, À 0.95 to À0.29; P < 0.01; heterogeneity: I 2 = 0%; w 2 = 0.38; P = 0.54) of leech therapy on joint stiffness compared with controls ( Table 3) . No evidence was found for its shortterm effects (SMD = À0.78; 95% CI, À 1.72 to 0.17; P = 0.11; heterogeneity: I 2 = 85%; w 2 = 6.89; P < 0.01).
Based on Cohen categories, leech therapy's immediate and short-term effects on patients' pain were considered large, but the long-term effects were small. The therapy's immediate effects on functional impairment were moderate, but its short-term and long-term effects were small. Its immediate effects on joint stiffness were large, but its longterm effects were moderate. All 4 studies reported the existence of adverse events. [9] [10] [11] [12] These were, however, characterized as mild to moderate, relating to local skin irritation, itching, burning, or oozing. No serious adverse events were observed or reported.
Quality of life: Quality of life was cited in only 1 study, 10 hence no meta-analysis was undertaken.
Subgroup Analyses
No subgroup analyses were conducted due to insufficient trials in each subgroup.
Sensitivity Analyses
After the exclusion of the high-risk CCT, 9 leech therapy's immediate and short-term effects on patients' pain remained (immediate: SMD = À 0.74; 95% CI, À 1.26 to À0.21; P < 0.01; heterogeneity: I 2 = 68%; w 2 = 6.34; P < 0.01; short-term: SMD = À0.64; 95% CI, À 0.92 to À0.36; P < 0.01; heterogeneity: I 2 = 92%; w 2 = 1.64; P = 0.04). These effect sizes were moderate. No further sensitivity analyses were undertaken as the single CCT 9 reviewed did not include any other outcome measure.
Risk of Bias Across Studies
As <10 studies were included in each meta-analysis, funnel plots were not analyzed.
DISCUSSION
Summary of Main Results
This meta-analysis found strong evidence that leech therapy reduced patients' OA knee pain both immediately (within a week) and in the short-term (within a month), to reduce their functional impairment immediately and to reduce their joint stiffness, both immediately and in the long-term (after 6 mo). Moderate evidence was also found for the long-term reduction of pain and the short-term reduction of functional impairment. The available safety data did not link leech therapy to any serious adverse events. Patients' withdrawal rates were low in the reviewed studies, suggesting that leech therapy was accepted well.
Applicability of Evidence
The reviewed trials were all conducted in primary, secondary, or tertiary care settings in Germany. Most participants (56%; range, 28% to 82%) were female adults in their mid 60s. The studies included patients at different stages of OA, from mild to severe. Although 2 studies included people who previously had surgery for their OA, all excluded people with rheumatic disease. Given the breadth of these inclusion criteria, this review's results potentially apply to many people with OA, at least in Germany. Leech therapy has a history of international use for the treatment of venous congestion in plastic and reconstructive surgery. 23 In Asia, it is also used for pain management. 24 This review suggests that leech therapy has much to offer in relieving OA pain. It is hoped that this meta-analysis will foster a broader recognition, in developed countries, of this link.
Quality of Evidence
Although the methodological quality of the 4 studies reviewed differed somewhat, leech therapy's effects on pain and functional impairment were robust against methodological bias. After excluding the single CCT found, these effects remained.
Agreements and Disagreements With Other Systematic Reviews
A thorough literature search found no other systematic review of leech therapy for OA of the knee. By comparison, a meta-analysis of the effectiveness of nonsteroidal anti-inflammatory drugs found an effect size of d = 0.4 (Cohen), a moderate effect. In addition, 2 weeks of treatment with nonsteroidal anti-inflammatory drugs proved no better than treatment with a placebo. 25 The current metaanalysis showed that leech therapy has moderate to large effect sizes, which persist at long-term (6 mo) follow-up, making it a potentially valuable treatment alternative. for overall effect: Z = 1.60 (P = 0.11) Heterogeneity Heterogeneity: w 2 = 6.89, df = 1 (P = 0.009); I 2 = 85% (Continued )
Strengths and Weaknesses
This is the first review and meta-analysis of leech therapy for OA of the knee. Its results are strengthened by its use of patient-centred outcomes, as recommended by the Osteoarthritis Research Society task force. 26 The review's primary limitation is the paucity of eligible trials identified, which rendered subgroup analyses impossible. More studies comparing leech therapy to other guideline-endorsed therapies and/or placebo are urgently needed. The current lack of trials and patients may lead to a misperception of leech therapy's side effects. Serious side effects, such as sustained hemorrhage, bacterial infection, or allergic reaction might be rare, but might severely impact patients' health.
Three of the included studies had a low risk of bias, leading to little risk that the meta-analyses, themselves, were biased. Although statistical heterogeneity was mostly seen, the paucity of studies reviewed meant that sensitivity analyses could not account for this. Heterogeneity therefore remains a limiting factor, at least for all immediate and short-term future comparisons. Another limiting factor is the short follow-up timeframe. Although 2 studies followed patients for 6 months, only 1 did so beyond this. The Osteoarthritis Research Society's guidance, about the need for longer follow-up timeframes, 26, 27 should be taken in future studies.
CONCLUSIONS
This systematic review found moderate to strong evidence for the reduction of pain, functional impairment, and joint stiffness after medical leech therapy in patients with OA of the knee. Given the low number of reported adverse events, leech therapy may be a useful approach in treating this condition. Further high-quality RCTs are required for the conclusive judgment of its effectiveness and safety. 
